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EXTRUDED THERMOPLASTIC, LIQUID 
CRYSTALLINE POLYMERS AND BLENDS 

THEREOF HAVING A PLANAR 
MORPHOLOGY 

This application is a continuation of application Ser. No. 
08/130,643 ?led Oct. 1, 1993, noW abandoned, Which is a 
continuation of International Application PCT/US92/02616 
?led on Mar. 31, 1992 and Which designated the US. 

STATEMENT OF GOVERNMENT INTEREST 

Funding for the present invention Was obtained from the 
Government of the United States by virtue of Contract Nos. 
NAS1-18527, NAS1-19025 and NAS1-19302 from the 
National Aeronautics and Space Administration. Thus, the 
Government of the United States has certain rights in and to 
the invention claimed herein. 

FIELD OF THE INVENTION 

This invention relates to the extrusion of multiaxially 
oriented articles of manufacture having a planar morphology 
from thermoplastic ?exible polymers, thermotropic liquid 
crystalline polymers, (homopolymers, copolymers, and the 
like) and blends containing thermoplastic ?exible polymers 
and thermotropic liquid crystalline polymers. Preferred ther 
moplastic ?exible polymers include polyimide, 
polypropylene, polycarbonate and polystyrene. Preferred 
thermotropic liquid crystalline polymers include those com 
mercially available thermotropic polymers sold under the 
trade names of XYDAR® LCP and VECTRA® LCP. 

BACKGROUND 

There is a groWing demand for high temperature and high 
performance polymers. It is particularly desirable to be able 
to control the molecular orientation of such polymers and to 
tailor the coef?cient of thermal expansion (CTE) to optimiZe 
properties. 

Polymers having improved properties have been obtained 
by the incorporation of reinforcing ?bers, such as, glass, 
carbon and aramid, to form ?ber reinforced polymers. 
HoWever, disadvantages Well knoWn to those of ordinary 
skill in the art accompany the use of each of these reinforc 
ing ?bers. 

Performance gains over ?ber reinforced polymers have 
been achieved by blending thermoplastic ?exible polymers 
With thermotropic rigid-rod polymers Which are also called 
thermotropic liquid crystalline polymers (TLCPs). These 
blends are sometimes referred to as polymer microcompos 
ites. 

Thermoplastic polymers used in making reinforced poly 
mer composites, such as those described above, include a 
Wide range of thermoplastics, such as polyimides, 
polyethylene, polystyrene and copolymers thereof, 
polyamides, polycarbonates, polyetherimide and polyesters 
such as polybutylene terephthalate. These thermoplastic 
polymers are either amorphous or semi-crystalline and may 
be called ?exible chain polymers, since individual monomer 
units in the polymer chain are free to rotate With respect to 
each other so that the polymer chain may assume a random 
shape. 

Thermotropic LCPs are a relatively neW class of poly 
meric materials Which combine the advantages of melt 
processability and outstanding mechanical properties. Due 
to their rigid-rod molecular conformation and capability to 
form highly oriented crystalline structures, i.e., an ordered 
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2 
phase When subjected to shear above their melting point, 
they form products With properties similar to ?ber reinforced 
composites. HoWever, if the orientation of the polymer is in 
only one direction, such products are not suitable for appli 
cations requiring strength in more than one direction. 
Because of their rigid backbone structure With ?exible 
spacer groups, commercially available TLCPs have far 
higher tensile strength and ?exural moduli than conventional 
polymers. 

Thermotropic LCPs can be processed in the melt state and 
they are capable of forming a highly oriented ?brillar 
structure When subjected to shear above their melting point. 
Methods for producing such highly oriented ?brillar struc 
tures are disclosed in US. Pat. Nos. 4,973,442; 4,939,325; 
4,963,428; and 4,966,807 (hereinafter referred to collec 
tively as the “CRD Patents”). The disclosure of each of these 
patents is incorporated herein by reference. A brief discus 
sion of this methodology folloWs. 
A schematic diagram of the process disclosed in the CRD 

Patents is shoWn in FIGS. 1A and 1B. A combination of 
shear and elongational ?oWs during the extrusion process 
orients the TLCP polymers. This controlled orientation can 
be accomplished With the counter-rotating die shoWn in FIG. 
1A that aligns TLCP molecules along at least tWo distinct 
axes Within a single ply. The angle that the TLCP ?brils 
make With the longitudinal axis of the ?lm is :theta, Where 
theta can be varied from near Zero to over 50 degrees. By 
rotating the mandrels, a transverse shear ?oW is superim 
posed on the axial shear developed as the polymer melt is 
extruded through the die. It is possible to obtain ?lms in 
accordance With the CRD Patents having a thickness ranging 
from about 0.0001 to 0.060 inches. 

In the CRD Patents, the objective Was to obtain extruded 
articles, such as ?lms and tubular components, having 
optimiZed tensile strength, tensile modulus, coef?cient of 
thermal expansion, and other properties related to in-plane 
stresses and de?ections of the ?lm. As disclosed in the CRD 
Patents, such properties can be controlled and enhanced by 
alignment, orientation and organiZation of the rigid thermo 
tropic LCP molecules. In the technology disclosed in the 
CPD Patents, reinforcement is achieved by the LCPs in 
?brillar form. This morphology Was observed directly 
microscopically and indirectly through effect on mechanical 
properties. 

In such methods, subsequent post-die processing 
enhances the orientation already present as the material exits 
the die. For example, post processing such as post-die draW 
in the transverse and/or machine direction can be performed 
on the extruded article to further optimiZe properties or 
obtain a ?nished product. 

Because TLCPs form an ordered phase in the melt (hence, 
the name thermotropic), they have shear viscosities far loWer 
than other polymers, This property gives them potential 
importance as a processing aid. 

Thermotropic liquid crystalline polymers have received 
increasing attention in the scienti?c and technical literature 
as in situ reinforcements in polymer blends and microcom 
posites. The range of high performance thermoplastic ?ex 
ible polymers blended With TLCPs include polyimides, 
polyamides, PES, PEI, PEEK, polycarbonate, PET, PPS, and 
polyarylace. The blending of thermoplastic ?exible poly 
mers and LCPs occur at various siZe scales doWn to the 
molecular level to form the systems referred to as polymer 
microcomposites (PMC). 
The microstructure of a polymer microcomposite is simi 

lar to ?ber-reinforced composites except that the ?bers are 
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at a micron to submicron scale. Blends of thermoplastic 
polymers and TLCPs are disclosed, e.g., in Us. Pat. Nos. 
4,386,174; 4,728,698; 4,835,047; and 4,871,817, the disclo 
sures of Which are incorporated herein by reference. 

The potential advantages of blending thermoplastic 
matrix polymers With thermotropic LCPs are Well recog 
niZed. Yet, despite the potential advantages of combining 
thermoplastics With TLCPs, traditional processing steps 
have failed to yield the optimal properties desired in blends. 
To achieve the optimal properties With such blends, pro 
cessing techniques are used that permit the controlled ori 
entation of the rigid-rod polymer in melt state and subse 
quent freezing in the desired morphology. 

Although ?bers and ?lms of LCP blends have shoWn the 
most promise in terms of properties, they typically have 
consisted of a highly uniaxially oriented structure With 
correspondingly inferior transverse properties. This anisot 
ropy is the bane of thermotropic LCP blends, limiting their 
use primarily to spun ?bers. To extend the applications of 
thermoplastic ?exible polymers/TLCP blends to tWo and 
three dimensional articles, the ?brillar orientation of the 
TLCP reinforcing phase must be controlled. Indeed, the 
processing of such blends into ?lms, tubes, and other 
structures has been severely hindered by the dif?culties 
encountered in con-rolling the orientation and CTE of the 
?nal product. 

Until recently it had not been possible to form articles, 
such as ?lms and tubes, comprising blends of thermoplastic 
?exible polymers and TLCPs and to obtain controlled mul 
tiaxial orientation of such articles. Such articles and methods 
of obtaining them are disclosed in application Ser. No. 
07/678,080, ?led Apr. 1, 1991, noW abandoned. One such 
method involves use of a counter-rotating die (CRD) and the 
technology disclosed in the CRD Patents, supra. 

In general, a multiaxially oriented article is produced 
Which has a tailored CTE and comprises at least one 
thermotropic LCP and at least one thermoplastic ?exible. 
The method comprises: 

(i) extruding a melt of the polymer or polymers, under 
conditions Which impart axial and transverse shear 
thereto to form a multiaxially oriented article; and 

(ii) maintaining the article under conditions to enable 
solidi?cation of the orientation formed in step 

The method may further comprise the step of subjecting 
the article to post-die draW in the axial and/or transverse 
direction betWeen steps and (ii). When it is desirable to 
increase the bend and fracture toughness of the article, e.g., 
the ?lm or tube, the ?lm or tube is stretched at above the Tg 
of the thermoplastic ?exible polymer. 

Co-pending Ser. No. 07/678,080 ?led Apr. 11, 1991, noW 
abandoned teaches that LCP-thermoplastic blends can be 
processed as disclosed in the CRD Patents to achieve 
?brillar morphology and to orient the ?brils during process 
ing to greatly improve mechanical properties With only 
small amounts of LCP (10% for example) in the blend. 
A major problem currently exists in the packaging indus 

try because of the relatively poor barrier properties of plastic 
materials used in ?lms, bags, bottles, cars and ocher con 
tainers. Packaging materials have long since been developed 
With excellent barrier properties, but they do so With mul 
tiple layers, typically three to seven layers, including sepa 
rate layers for oxygen and moisture barriers. Although 
special co-extrusion machinery has been developed to make 
such ?lms, they are still perceived as being environmentally 
“unfriendly” because they cannot be recycled. Also, 
co-extrusion requires the use of secondary “tie” layers to 
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4 
bond the other layers together, and the machinery is gener 
ally more expensive to build and operate than equipment for 
extrusion and processing of single polymer materials. 

Furthermore, it is not possible to recycle most of such 
multiple layer packaging materials, because the components 
of the multi-layers are irreversibly melted together during 
thermoplastic recycling. Plastic materials Which can be 
recycled (such as polyethylene) are not very good barriers to 
gases such as oxygen, air and Water vapor, and therefore 
cannot be used for long storage times. Accordingly, mate 
rials Which combine excellent barrier properties With ability 
to recycle, creating a neW generation of food and beverage 
packaging materials are being sought. 

SUMMARY OF THE INVENTION 

The present invention provides multiaxially oriented 
articles, such as ?lms, tubes and coatings, having a planar or 
laminar morphology and comprising at least one thermo 
plastic ?exible polymer, at least one thermotropic rigid-rod 
polymer, i.e., thermotropic liquid crystalline polymer 
(TLCP), and blends thereof. 

It has unexpectedly beer found that the processing tech 
nology disclosed in the CRD Patents and in Ser. No. 
07/678,080 ?led Apr. 1, 1991, noW abandoned, can be 
controlled to produce multiaxially oriented articles having a 
planar rather than ?brillar morphology. It has also unexpect 
edly been discovered that the highly oriented planar or 
laminar morphology of the present invention provides 
enhanced barrier properties over the ?brillar morphology 
disclosed in the CRD Patents and in Ser. No. 07/678,080 
?led Apr. 1, 1991, noW abandoned. 
By the ?brillar morphology disclosed in the CRP Patents 

and in Ser. No. 07/678,080 ?led Apr. 1, 1991, noW 
abandoned, is meant that discrete ?brils are formed and 
oriented as illustrated in FIG. 2C, i.e., multiaxially oriented. 
FIGS. 2A and 2C illustrate the various orientations imparted 
to rigid-rod polymers by stress conditions. Typically, LCP 
polymers subjected to shear stress assume a uniaxial orien 
tation as illustrated in FIG. 2A. Ordered polymers in solu 
tion have the scattered or random nematic orientation illus 
trated in FIG. 2B. FIG. 2C illustrates the tWisted nematic (or 
cholesteric) orientation imparted to ordered polymers by 
processing under the method of the CRD Patents and Ser. 
No. 07/678,080 ?led Apr. 1, 1991, noW abandoned. 

In contrast, in a planar or laminar morphology or micro 
structure as shoWn in FIG. 3A, the tWo-dimensional laminar 
layers are much less thick than the entire ?lm, they overlap 
one another, and they extend over the entire length and Width 
of the ?lm. In comparison, a composite ?lm made by 
conventional compounding and extrusion methods Will con 
tain discrete polymer regions Which are not laminar and do 
not overlap. In many cases, such as the blending of LCPs 
and thermoplastics, Workers report droplets of one compo 
nent in the other, as shoWn in FIG. 3B. Such a droplet, if 
extruded under conditions to produce a ?brillar 
microstructure, e. g. as disclosed in the CRD patents, Will not 
improve the barrier properties of the composite as does the 
planar morphology of the present invention. 
By using transverse shear and control of temperature 

during extrusion in accordance With the teachings of the 
present invention, the polymer layers are put in series 
providing the best barrier, rather than in parallel (see FIG. 8) 
Where gases can permeate through the path of least resis 
tance. In other Words, shear forces applied to the polymers 
during ?lm extrusion impart a planar or laminar arrangement 
of the polymer molecules, much like a deck of cards, 
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resulting in high resistance to gas permeation through the 
?lm The planar morphology provides improved resistance to 
gas permeability through the thickness of the articles of the 
present invention. This morphology also enhances dielectric 
properties, such as, dielectric constant, dielectric breakdown 
strength and tan delta. Accordingly, the present invention 
also provides articles of manufacture, e.g., ?lms, tubes and 
coatings having improved barrier and dielectric properties. 
Some advantages provided by the planar morphology of 

the present invention over other barrier layers are: it can 
replace multi-layer materials With a single layer resulting in 
the ability to recycle and reduce manufacturing costs, it can 
reduce the thickness of the barrier layer resulting in a cost 
savings and reduction of material to dispose or recycle, since 
it contains no metal layers it can be used With microWave 
cooking, and it can be used With many conventional fabri 
cation methods (such as heat sealing) common to the food 
packaging industry. Other bene?ts of the invention Will be 
apparent from the discussion and examples. 

Thermoplastic ?exible polymers suitable for use in the 
present invention include polyimide, polypropylene, poly 
carbonate and polystyrene, and blends thereof. Polyimide 
represent one type of preferred polymers. See FIG. 4A. 
Polyimides such as LARC-TPI,® and ARUM.® formerly 
knoWn as NEW-TPI,® are particularly preferred polymers 
for use in the present invention. The structure of LARC 
TPI,® is shoWn in FIG. 4B and of ARUM® is shoWn in FIG. 
4C. LARC-TPI® and ARUM® are available from Mitsui 
Toatsu Chemicals, Inc. 

Thermotropic LCPs suitable for use in the present inven 
tion include, e.g., Wholly and partially aromatic polyester 
and copolyesters. XYDAR® see FIG. 5A, is one such 
preferred polymer for use in the present invention (available 
from Amoco Performance Products, Inc.) and is based on 
terephthalic acid, p,p‘-dihydroxybiphenyl, and 
p-hydroxybenZoic acid. VECTRA® see FIG. 5B and 5C, is 
another preferred TLCP for use in the present invention 
(available from Hoechst Celanese Corp.) and can be char 
acteriZed as primarily aromatic polyesters based on parahy 
droxybenZoic acid and hydroxynaphthoic acid. Both types 
of polyesters contain relatively rigid chains of long, ?at 
monomer units Which undergo ordering in the melt. They are 
also referred to as nematic, anisotropic, or self-reinforcing 
polymers. 

In embodiments of the present invention Wherein the 
article comprises a blend of thermotropic LCP and thermo 
plastic ?exible polymer the proportion of polymers selected 
Will depend upon the intended use of the ?nal article 
produced therefrom. In preferred blends, the thermoplastic 
?exible polymer is present at from about 99 to 50 Weight % 
and the thermotropic rigid-rod polymer is present at from 
about 1 to 50 Weight %. In one particularly preferred 
embodiment, the thermoplastic polymer is present at about 
from less than 95 percent to greater than 80 percent and the 
TLCP is present at about from greater than 5 percent to less 
than 20 percent. 

In selecting thermoplastic ?exible polymers and TLCPs 
for use in the blends of the present invention, both the 
thermodynamic and rheological properties of these poly 
mers must be considered. 

In particularly preferred embodiments of the present 
invention, LARC-TPI,® ARUM® and mixtures thereof, are 
blended With XYDAR® or VECTAO® TLCPs and melt 
extruded by utiliZing a counter-rotating die to produce a 
multiaxially oriented ?lm having a planar morphology 
through varying the processing parameters, particularly the 
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6 
temperature and transverse shear, in accordance With the 
teachings of the present invention. These ?lms have a 
multiaxial orientation in the TLCP phase and have a planar 
morphology, as Well as improved barrier properties. 
An immediate advantage of such composite ?lms is that 

the barrier properties are as good or better than “environ 
mentally unfriendly” multi-layer laminated packages that 
can not be recycled. 

This development is of interest to the food and beverage 
packaging industry, because it can replace the complex, 
multi-layer laminated structures typical of packaging Where 
strength, toughness and barrier properties are all required, 
such as snack food bags, juice boxes, froZen foods packag 
ing and beverage bottling. 

Films comprising the TLCP/thermoplastic blends of the 
present invention should exhibit the loW permeability prop 
erties of multi-layer packaging, but should be fully recy 
clable. A ?lm processed using the teachings of the present 
invention is tWo orders of magnitude less permeable to 
oxygen and Water vapor that PVDC and is not thought co be 
toxic, based on currently available information. This unique 
combination makes it possible to produce containers for 
carbonated ?uids, for example, With extended shelf-life. 
Furthermore, the TLCP/thermoplastic ?exible polymer 
blends of the present invention are recyclable. These recy 
clable LCP blends provide other key advantages over multi 
layer packages, including: 

Potentially loWer product cost 
Wider range of performance (higher temperature, 

strength) 
Ability to form into articles of manufacture not possible 

With multi-layer ?lms 
The cost of TLCP/thermoplastic ?exible polymer blend 

packaging should be less than multi-layers because less 
complex and expensive extrusion equipment Will be needed. 
Also, the barrier performance of the LCP portion of the 
blend is 100 to 1,000 times higher than the base plastic 
portion, so the cost per unit performance of the blend is 
actually less than the basic plastic itself. 
The properties of LCP blends of the present invention are 

likely to be better than most packaging materials, based on 
the strength, high temperature capability, chemical inertness, 
tear resistance, Wet strength, and fatigue strength of the 
LCP’s. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A and 1B shoW a schematic illustration of one 
process in accordance With the present invention. 

FIGS. 2A and 2C illustrates various orientations that can 
be imparted to ordered polymers by stress conditions. 

FIG. 2B illustrates the scattered or random nematic ori 
entation of ordered polymers in solution. 

FIG. 3A shoWs a schematic representation of the planar 
morphology of the present invention. 

FIG. 3B shoW a schematic representation of droplets of 
LCPs in a thermoplastic polymer matrix. 

FIG. 4A shoWs a preferred class of thermoplastic poly 
mers for use in the present invention. 

FIG. 4B shoWs a particularly preferred polyimide for use 
in the present invention. 

FIG. 4C shoWs another particularly preferred polyimide, 
ARUM,® formerly knoWn as NEW-TPI® for use in the 
present invention. 

FIG. 5A shoWs one general formula for XYDAR,® one 
preferred type of TLCP for use in the present invention. 
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FIGS. 5B and 5C show general formulae for VECTRA,® 
another particularly preferred type of TLCP for use in the 
present invention. 

FIG. 6 shoW a comparison of barrier properties of a ?lm 
produced in accordance With the present invention, i.e., FMI 
LCP, and conventional barrier ?lms. 

FIG. 7A shoWs electron micorgraphs of a XYDAR® LCP 
?lm having a planar morphology in accordance With the 
present invention. 

FIG. 7B shoWs an electron micrograph of a ?lm having a 
planar morphology in accordance With the present invention, 
Wherein the ?lm comprises 10% XYDAR® LCP and 90% 
ARUM.® 

FIG. 8A illustrates the in-series arrangement of the 
present invention. 

FIG. 8B illustrates the in-parallel arrangement achieved 
With ?brillar morphology. 

FIG. 9 shoWs hoW LCP addition substantially reduced the 
permeability of oxygen and Water vapor through a polyimide 
?lm. 

FIGS. 10A to 10C shoW extrusion conditions for biaxial 
extrusion of ?lms in accordance With the present invention. 

FIG. 11 is a schematic illustration of polyimide/TLCP 
tertiary blend systems. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides multiaxially oriented 
structures, such as ?lms, coatings, and tubes, having a planar 
or laminar morphology, and methods of making such struc 
tures. The structures of the present invention comprise at 
least one thermotropic LCP, at least ore thermoplastic ?ex 
ible polymer, or are formed from a blend comprising at least 
one thermoplastic ?exible polymer and at least one thermo 
tropic rigid-rod polymer. 

The folloWing de?nitions of multiaxially oriented ?lm 
characteristics are useful in understanding the present inven 
tion: 

balanced biaxial a ?lm having maximum strength and 
stiffness at approximately 1 45 deg. to the 
machine direction, but exhibiting the least 
angular dependence of these properties. 
a ?lm having maximum strength and 
stiffness in the uniaxial machine 
direction, but also With some strength 
Within 1 20 deg. of the machine direction. 
a ?lm having maximum strength and 
stiffness in the machine direction, With 
some strength Within only 1 5 deg. of the 
machine direction. 

predominantly 

nearly uniaxial 

As used herein, the generic term for those orientations not 
meeting speci?c de?nitions above, but providing strength to 
a ?lm in both the machine and transverse directions is 
“multiaxial.” 

Thermoplastic ?exible polymers useful in the practice of 
the present invention, include polyimide, polypropylene, 
polycarbonate, and polystyrene. Such thermoplastic poly 
mers are selected, in part, on the basis of properties, such as 
melt viscosity and thermal stability. 

Thermoplastic ?exible polymers for melt extrusion in 
accordance With the present invention typically have a melt 
viscosity in the range of about 10E4 to 10E5 poise. Addi 
tives may be incorporated into these polymers to bring the 
viscosity into the appropriate range. 
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The thermal stability of such polymers must be taken into 

consideration because the polymer must not signi?cantly 
degrade during extrusion. Extrusion at loWer temperatures 
can reduce the thermal degradation of a particular thermo 
plastic. HoWever, this must be balanced against any increase 
in polymer viscosity caused by dropping the temperature. 
Other desirable characteristics include loW outgassing and 
good ?oW. 

Although polyimides Will be used to illustrate thermo 
plastic ?exible polymers in the present invention, the inven 
tion is not so limited. Preferred thermoplastic polyimides for 
use in this invention include those polyimides having the 
general structure shoWn in FIGS. 4A, 4B, and 4C. 
LARC-TPI® and ARUM® thermoplastic polyimides, 

commercially available from Mitsui-Toatsu Chemicals, Inc., 
have excellent ?oW properties and thermal stability, and are 
particularly preferred thermoplastic polymers for use in the 
present invention. By combining such polyimides With 
thermotropic LCPs as taught herein, the orientation can be 
controlled and the CTE can be tailored. 

The chemistry of LARC-TPI® is shoWn in FIG. 4B. In the 
imide form it can be formed, laminated, or molded in the 
substantial absence of solvents or evolved materials. LARC 
TPI® achieves its processability and its suitability for lami 
nation through chemistry based upon a polyamic acid pre 
cursor capable of imidiZation by further heating. The 
imidiZed ?lm offers good adhesion, How and ?exibility at 
moderate temperatures, With the chemical and thermal resis 
tance increasing dramatically after heat treatment (increased 
imidiZation). As a linear aromatic polyimide, LARC-TPI 
exhibits the chemical insensitivity, high thermal resistance, 
loW moisture sensitivity, radiation and thermo-oxidative 
resistance and good mechanical properties of other materials 
of this class (e.g., ULTEM®, bismaleimide, THERMID®). 
These properties are relevant to aircraft and aerospace 
applications, Where lightWeight, stiff structures are needed; 
and to electronic circuit board applications, Where the high 
temperature (soldering) resistance and dimensional stability 
are most attractive. 

TWo especially preferred classes of thermotropic liquid 
crystalline polymers exhibiting desired performance char 
acteristics for use in the present invention are Amoco’s 
XYDAR® TLCPs and Hoechst-Celanese’s VECTRA® 
TLCs polymers. The general chemical structures of these 
polymers are shoWn in FIG. 5. 

Processing characteristics and compatibility are consid 
erations in selecting the appropriate thermoplastic polymers 
and TLCP(s) for use in the blends in accordance With the 
present invention. By compatibility is meant both thermo 
dynamic miscibility and the relative Theological properties 
betWeen the phases. Usually, polymer blends are 
immiscible, and none more so than rigid-rod LCPs With 
?exible chain polymers. HoWever, too great a miscibility 
may eliminate the hierachical ?brillar structure present, 
thereby reducing the effectiveness of the reinforcement 
provided by the high modulus TLCP. 

Other conventional ingredients are optionally included in 
the polymer blends of the present invention. Such ingredi 
ents include, pigments, ?llers, stabiliZers and so forth, 
Well-known to those of ordinary skill in the art of polymer 
processing. 

The processability of the polyimide Was greatly enhanced 
through reduction in the melt viscosity by virtue of the 
incorporation of the TLCP into the blend. When processed 
in accordance With the teachings of the present invention, 
high shear forces and temperature control applied to such 












